Abstract. In 2011, Bailes et al. reported on the discovery of a detached companion in a 131 minute orbit around PSR J1719-1438, a 173 Hz millisecond pulsar. The combination of the very low mass function and such a short orbital period is unique. The discoverers suggested that the progenitor system could be an ultracompact X-ray binary (UCXB), which is a binary with a sub-hour orbital period in which a (semi-)degenerate donor fills its Roche lobe and transfers mass to a neutron star. The standard gravitational-wave driven UCXB scenario, however, cannot produce a system like PSR J1719-1438 as it would take longer than the age of the Universe to reach an orbital period of 131 min. We investigate two modifications to the standard UCXB evolution that may resolve this discrepancy. The first involves significant heating and bloating of the donor by pulsar irradiation, and in the second modification the system loses orbital angular momentum via a fast stellar wind from the irradiated donor, additional to the losses via the usual gravitational wave radiation. In particular a donor wind is effective in accelerating orbital expansion, and even a mild wind could produce the 131 minute period within the age of the Universe. We note that UCXBs could be an important class of progenitors of solitary millisecond radio pulsars.
Introduction
PSR J1719-1438, with a 5.8 ms spin period, was found to be orbited every 131 min by a companion (Bailes et al. 2011) . The mass function of ∼ 10 −9 M ⊙ implies that in the (a priori) very likely case that we do not observe the PSR J1719-1438 system close to face-on, the companion must have a mass of the order of ∼ 10 −3 M ⊙ . This system is very interesting because almost all millisecond radio pulsars either have a stellar-mass companion or no companion at all. There are black widow X-ray binaries with similar orbital periods but those are semi-detached and have much more massive companions. The system is detached, and from its orbital period a minimum average density of the companion of 23 g cm −3 can be derived.
Composition of the companion
In Fig. 1 we show the constraints on the companion set by its minimum density (i.e., its Roche-lobe radius at a given mass, which is the maximum radius), and the radii of zero-temperature white dwarfs of different compositions, which give the minimum radius. We see that a carbon-oxygen composition is the most likely, followed by helium, but that requires an inclination with an a priori probability near 14%, or less in case of a finitetemperature companion. Hydrogen is possible if we see the systems nearly face-on, with an a priori probability near 0.1% 3. Ultracompact X-ray binary scenario Bailes et al. (2011) suggested that this system could have evolved from an ultracompact X-ray binary (UCXB), which consists of a (semi-)degenerate donor transferring mass to a neutron star, driven by angular momentum loss via gravitational wave radiation (e.g. Savonije et al. 1986 ). The mean donor density is one-to-one related to the orbital period, as it always the case for a Roche-lobe filling star with a more massive companion. Therefore, as the donor loses mass and becomes less dense, the orbit expands, and the mass transfer rate decreases. However, UCXBs are expected to reach orbital periods of at most 90 min within the age of the Universe (Deloye & Bildsten 2003) .
We discuss two modifications to this standard UCXB scenario that could explain how they could reach an orbital period of 131 min. The first is a relatively large donor size, the second is a stellar wind from the donor. Both are caused by heating and irradiation of the donor by the accretion disk, accretor, and magnetosphere.
Increased donor size
The size of the donor in an UCXB influences the mass transfer rate. A larger ('bloated') donor with respect to the zero-temperature radius implies a higher mass is required to have a given average density, which corresponds to an orbital period, as mentioned before. A higher donor mass in turn implies a higher mass transfer rate and faster evolution. In Fig. 2 is shown that UCXBs with relatively large donors can reach a period of 131 within the age of the Universe. However, the donor mass would be about ten times larger than 
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3 suggested by the mass function. This is unlikely to be the main explanation of the 131 min period, but it could contribute.
Stellar wind from the donor
In a binary, the specific angular momentum is highest in the lowest-mass component. At the extreme mass ratio found in UCXBs, a large amount of angular momentum can be lost by systems if the donor loses matter in a fast, isotropic wind. Such a wind can be caused by irradiation of the donor. Fig. 3 shows that a relatively low wind mass loss rate during the entire evolution is already enough to speed the orbital expansion to a period of 131 min within the age of the Universe.
Long-term observations by the Rossi XTE All-Sky Monitor show that most of the UCXBs with orbital periods longer than 40 min are one to two orders of magnitude brighter than expected when their mass transfer was driven only by angular momentum loss via gravitational wave radiation (van Haaften et al. 2012c) . Also, Knigge et al. (2011) found that Cataclysmic Variables below the period gap evolve faster than expected from gravitational wave emission only. This suggests that they indeed evolve faster, which supports the hypothesis that PSR J1719-1438 is an UCXB descendant.
Strong evidence comes from the PSR J1311-3430 system (Pletsch et al. 2012) , an UCXB with an unusually long orbital period of 93.8 min (Romani 2012 , Kataoka et al. 2012 and an evaporating helium donor . Benvenuto et al. (2012) explained the formation of PSR J1719-1438 via an originally hydrogen-rich donor star.
The present detached state of the system may be caused by the gradually decreasing irradiation, which could result in the donor shrinking inside its Roche lobe. Then the accretion rate would decrease, further decreasing the level of donor irradiation. 
Conclusion
PSR J1719-1438 very likely has a low-mass companion, composed mainly of carbon/oxygen or possibly helium. Its orbital period of 131 min could have been reached by an ultracompact X-ray binary whose late-time evolution was driven by angular momentum loss via a stellar wind from the donor, rather than the emission of gravitational waves, which subsequently became detached. A wind of 3 × 10 −13 M ⊙ yr −1 would be sufficient. The composition of the companion is most likely carbon-oxygen, though helium cannot be ruled out.
Old UCXBs are expected to have very low donor masses (below ∼ 0.01 M ⊙ ). If PSR J1719-1438 has indeed formed out of an UCXB, then we would expect to see more binary millisecond radio pulsars with very low mass companions. Such systems are very rare though, whereas solitary millisecond radio pulsars are relatively common. This suggests the possibility that low-mass companions of UCXBs are completely evaporated (Ruderman et al. 1989) , leaving a population of solitary millisecond radio pulsars.
